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(81) »SBU«*(Dttl*»y. £TtD«g^DBAftIIA< 

PT*B;: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
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CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 
IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 
TD, TG). 
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(54) Title: METHOD OF INDUCING HOMOLOGOUS RECOMBINATION 

(54) #SHH<D«fj;: ffira«»A*fft5-Hr**a 



(57) Abstract: A novel method of strikingly enhancing a ratio of homologous recombination in desirable cells. For enhancing a ratio 
of homologous recombination in desirable cells such as eukaryotic cells, at the induction of function loss of genes coding for factors 
^® needed for non-homologous recombination, for example, Ku70 and Ku80 through introduction of mutation therein or destruction 



of the genes, foreign DNA is introduced in the cells through electroshock means, etc. to thereby effect homologous recombination. 
Thus, the frequency of homologous recombination in the cells can be promoted. 
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m m m 

[0001] *mmn, ^m^mmmm^n^^m, ^w^m^^xm^ti 

[0002] zfta-vK, j^^M-m, ±/£2o©nnigss» tit^m^x.^ ^iu^fg 

cDlB^J^|^^y/A^fif^^DNA^fi^3^^tb§(Takatafe, 1997, Wach^, 
1994) 0 Z.<DMW(Z.$5^X ^ Rad51, Rad52 N Rad54&!&MXfo%^b7!)^^&frlX 
V^S(Nickoloffij3<ttJ ? Hoekstra > 1998) 0 — ^\ fcK H A*5«fct) s ^8JSWSr^" 

tHtflcD#< *&|fe*.£>fllt g£bT#f i ^UttO^T A^^^bTf ijffl b 

[0003] tmmMzLte, &fe<Dmfc^%®m£<&^~f&^t&*\mxh<9, mmw^m 

ftfrtlX%fc 0 

wz.&. m#mm<Dmmm&z\z&\,^xmmt£®m&%:'fc.L'X\<^ radsim 
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(Yanez&XXP Porter, 2002, Reissb, 2000) 0 ^Ai~&^<??~ (Dfaffil&tex. 

[0004] aif^t^^oas^lffltetfcii-sieflitioff^tt, mfe^mrzfn 

^tbTV^So ^^STfeS^a— ci^^'^iy^CNeurospora crassa) £>jffi&;tW2e 
fcl^KfflV^ttS^^tf)— 0"CfeS 0 ^a-P^7^7'yf<P mei-3 . mus-11 . 
mus-25 i»fe^-a. rH#&B(P*E IMiMUfe*. ^ 33 V >T^^'t-^ RAD5 1 . RAD52 fe 

^:4S^o^^#:c»^B[^l|E^X.^^Mb, :/7^KpMTR(Schroeder£>, 1995) K 
#m5mtr*g^<?\ ^fe#rmtrjt{5^-ffi^ommx.«S^m^^bT, tfcfffc* 
(Handab, 2000) 0 rtL^®»fH^^tt^#fc:^V>If^M«^^V>-Cfi, ^ 

[0005] — ^ N |nl*a|fe;fc.<Z>ifi@f3u DNAtWnf-f^t-^ (DNA-PKcs) N 
Ku70-Ku80^^n^^— , DNAU#*- ifIV-Xrcc4lg-^#:Sr^bTiS^t 

[0006] #f^^l:#^2001-046053-5§-<k$g 

##l^i^l:TeradaP5, Nature biotech. 20, 1030-1034. 2002 
^#fF^C^2:Jeannottefe, EJ. Mol. Cell Biol. 11, 5578-5585. 1991 
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##fTJCfifc3:Gallegofb, The Plant Journal, 35, 557-565 2003 
##fF^Cfi£4: Walker h, Nature 412, 607-614. 2001 
##f^K5:Critchlow^oj;t/Jackson, TIBS, 23, 394-398. 1998 

[ooo8] u^lt, ^mmK^^x, mwm^TL^ ±.^^£z>tM^ mmm^pti^ 



*&w<Dxm&m^xm^£tiztemfflM%.<D%}mte. m^«\ 70%^_h, 

£?^L<«80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90 
%, 91%, 92%, 93%, 94%o, 95%, 96%>, 97%, 98%, 99%l^_h-Cfei9, ftfe 

^mrnxm^^nzmmfe, — m^. Mwm^x^nmsm^M^^xh^x 
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[0009] ^f£K#^5?^l>T£n 
t-^' (DNA-PKcs) , Ku70-Ku80^TP^v-, DNAW — if IV-Xrcc4it 

^en^^^ftS 0 ^Jx.«\ tKKu70(P12956) (IB^!j#-J§-l) , thKu80 (P13010) 
(IS^'J#-^2) x n^7K^-^5/f-«Ku7O(NCU08290.1) (IB^'J#-^3) , Ku80 

(NCU00077.1) (IE^iJ#^4) &^£ra tfSfS^-, &J;TXi;ft,k<E>5t4£^048J<£>— * 

[0010] «PJ-e^ffl$fL5*B^— CODNA(D^AM*«, S^S^^^^^V^jl^lCD 
[0011] l£7c, ^PJ^^fe^ioT^^^fc, tBIWfflm^^5H^^_h#U/c« 
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[0012] *&mz.&o, nM^mm-m^x, m^ioo%<Dmmm^m^Mf^'r^t 

[0013] [Hlll Hvg I -C ncKU70 fej:r^ ncKU80 ^^--r^^v£»^i-. AtincKU^-^^/ 

-2) (ia^#-^6) -eifiKu 3'M»( P -3) (ga^j#-^7) 43<tu5 (p-4) (ia^j#-^ 
8)TJfi|iiLfc 0 Hvefifre^-racp-s) (sa^J#-^9)*3<fc^(p-6) (ia^ij#-^-io)-e±i 

[IH2]ncKu70^^^^K^^^T^/^ia^J<hthKu70^^^^K(Z?^^|r5/^ia 
[|2l3]ncKu80^^^^W(7)^^r^/^ia^J^thKu80^^^ o ^K(Z?^^|r5/^ia 

^iJ^<Dit|g^i- 0 ku70/ / 80(DDNAt($^k^^, #B8ftfc 

fc, ^S^»Ku^^V^T#^#^fLTV^5M^PHRf^4# : ^*^-Tll^b-C 

[04M^M:&J^nc]m7O:}oJ;^^ 6 

[0014] i. ^(D^j^^*D^6#tsiwimm^^s^H^-^— K-rsjtfc^in^ 
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^fc«Ku80 (ga#l##2) (D^n^itfc^-ga^J^^LT, *ftfe*BJI&<Z>cDNA9 

/N^yy^Vif—>3^r^iittj«, ^iftaot^i^^ii, — 

[0015] ^i^^BJM^WORF^— *~ 

115)Sr3i^^n--^fflO^-t#At5-tiaoT, g ^^KU70^ 
IIl^$tLfcimZ0^fc^KU80CT^^^n— —f^B^*— pUC19 
[0016] 2. ^Sl^|a^X.fc^S^jt^©^iST^fcf«tg^^ 

-f-6#t@IWim^^^^^i»S^-i-^^^^A-t-5^^> RNAf# (RNAi) 



WO 2005/083090 



7 



PCT/JP2004/012516 



^mzmA-rttm, rna^crnad mm-r^m, ^tcummmM^ 

[0017] a^^f*«^i-5^fe^tt^n-^bb7c^^^^(Z)^«^^-^ 

DNA^^m^^(D|^^ia^J^Lfctillimm^^:fl^L^fe^_hcD^^Jjt 
^Sr^^ fc -3t^^<t««-t-S^t^T?#S(Alfef> > 1993) o 

3te«fg(D|g^<Z) g W^V^T, RNA^F#(RNAi) ^Ijffl-T6 0 ^(D^ 



A^,^OTCR^^m^A^^cD^^g^^^*5V^T|)E^J(D^^V> 

Tff5-^^-e#§ 0 §|it#IW^MiiA& (Carter, 1986;Zoller*5«tTJ«Smith, 

1987) ^^ybmf&mmmAfe, m^m^^mmAm^eiis^, 1985)^ 

§^VS:DNA_h"emtei"Sr.t*S-e#5(Ausbelfe > 1987;Sambrook, 1989) 0 
KU70^7^ttMJM^^^^^Ai-Sr^^f«E«^T9^, Ku70^ 

/^«^7c«Ku80^w^^K?S'l4^^^Sj:5^^^^^A-r5^i> *fcf*K 

u70^^^^KtKu80^^N^W^aSM^T5»^^S^^fi^^m^AL 

[ooi8] 3. mm^^tt^ay^ 



[0019] SXTlz.mMW&Tjk'f-tiK &3&$lfeZ.tiW&m&tiZ > b<D-vntj:\,\ 
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mmm 1 

[0020] ^^=B2<£3-L£Z2dt 

-28aSr!?^Mi:LTffiV^c(Tamaru*3«ttJ J Inoue, 1989) 0 ^CII®^DH1*d «fct*XL 
-lBluefi^^K^ittSfcfflV^fc (Sambrook^, 1989) 0 

^^KpBlescript SK + (Stratagenett) £5 £t/pGEM (Promegatfc) ilS, 
$fEV^^— <Z>fll3SfcfflV\fc 0 2o© IT"^;*^ KpB ARGEM 7- 1 (Pall^U? 
Brunelli, 1993), pCSN43 (Stabenib, 1989) *5 it;2oc7)3^5KG7H3 1 G8B12fi 
Fungal Genetics Stock Center, University of Kansas Medical School, Kansas City, 
KS 66160-7420/^ibA#L/c o 
[0021] SSI. ^^gJl^^V^Tffll^ttS— a— n;*3K9'^9s'lJ"t5fc 
13*1] 



it 



C1-T10-37A 

Cl-T10-28a 

54yo-728-5 

54yo-728-7 

54yo-828-3 

54yo-828-4 

FGSC#2764 

FGSC#6409 



a 

/I ncku70 
a ncku70 
A ncku80 
a nku80 
A mei-3 
A mus-11 



FGSC* 
FGSC* 



FGSC*: Fungal Genetics Stock Center 



[0022] 2. jfm 

(1) ^—vxtf^tetfzmte^ffiizm 

MB^-M #f f3Davis:Jo£tMe Serres (1970) cDffii^t^oTff o/c c 

(2) PCRfe 

PCRt'i'liS ^Expand High-Fidelity PCR system (Roche Diagnositics Corp., 
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Switzerland) Srffll ^Tfg^#}£t£oTffofc 0 
[0023] WBx^l&te^lzXZ—zL— n^7K^-^5/f-(DKU^n^it^^-(^T> ncKU7 

01A*3<fcT*lBfc^-?- o 

(a) ncKU70COg^(D7t g> (DDNAOOfgM 

r^a— n^/K7KLIZQit'f5^-(Z)i§-2kbp(Z)5' #3^153' 77^>'^DNA^ > =t^K 
G7H3^^V— h^ffiV^TPCR^J:i9iii|iSbfc(PCR(D^#fi:94 0 C25>»fc^ 
94^15^, 58°C30#\ 72°C2ft<D^?/\/%:10\E}, $P?^94°C15# N 58°C15# 
, 72°C25>(f-^^r^^72°C<750#^^5#<5oti^bTVK)^2O-^-t'^, 
^72 0 C75>> ^(D^4 0 C-Cf*#) 0 

(p— 1 ) 5 ' GTGCTGTAGCCGTTTTGGGTATCGC3 ' (Bil#l##5) 

(p— 2) 5 ' GGCGTAATAGCGAAGAGATAGTTGCTGGAAATAA3 ' (gfi^lj 

##6) 

3 ' 77^y^DNA077^v- 

(p— 3) 5 ' AAGCATAAAGTGTAAAGGCTTGTTGATGACCGT3 ' (IBM# 
#7) 

(p-4) 5'TTGGACGCCGCACACCTCTCGCTCT3' (fB#l##8) 
[0024] HYg r 3Sfs^-7°^^KpCSN43^7 1 ^V— htLTMV^TPCRif ©Stf? o 

7h(^#«_h|B^lllC) 0 

(p— 5) 5 ' TTATTTCCAGCAACTATCTCTTCGCTATTACGCC3 ' (IS^J# 

(p— 6) 5 ' CACGGTCATCAACAAGCCTTTACACTTTATGCTT3 ' (IE?lJ# 
#10) 

[0025] ±ta3o(DPCRS#)^B^bTi^PCR^^^— htbTffiV^ (Kuwayama^, 

2002), 77^v-^U, (p-1) (SB^J##5)^t5(p-4) (BB?iJ##8) SrfflV^ 
^PCR^J^T»^#T7?tTo^c; 



WO 2005/083090 



10 



PCT/JP2004/012516 



94°C25X 94°C15#\ 60°C30# N 68°C5^10^^ N 94°C15# N 60°C30# 

[0026] (b) ncKU80 (Z)g^(P/cfe£)DNA(PfflM 

r^a— P^/K^ KU80 (Z)^2kbt3(Z)5'feJ:r^3'^ ; 7^^DNA»J^KG8B12 
^ J<7V — b f ^ffl V ^ TP CR K «£ t) if Ufc tencKU70 <D m& t IH C) 0 
5 ' 77y d r^DNA(7)^v- 

(p— 7) 5'GCGCCGGGAGGTTGTTCGTAAGCTG3' (|H^i#-^ll) 

(p— 8) 5 ' GGCGTAATAGCGAAGAGGCTTTTCGGCTTTGCTG3 ' (BE^IJ# 

-§42) 

3 ' yy^^'DNA©^-?- 

(p-9) 5 ' AAG C AT AAAGTGTAAAG C AGGGTTGG AG AC AGGT 3 ' (gB^'J 
#-§•13) 

(p— 1 0) 5 ' AAGGCGGAGTTGTTGGCTGCGAAGG3 ' (gE?lJ##14) 
[0027] #Cfc N HYg r 3tfH^-7°^^KpCSN43^^V— h^bTMl^TPCRif i|ig:grff o 

( «ncKU70 CD |U C) 0 

(p— 1 1) 5 ' CAGCAAAGCCGAAAAGCCTCTTCGCTATTACGCC 3 ' (IS^IJ 
#-§-15) 

(p— 1 2) 5 ' ACCTGTCTCCAACCCTGCTTTACACTTTATGCTT3 ' (gE#i# 
#■16) 

[0028] Bfe^PCRtt: (p-7) (BE^ii##ll)S3«fO I (p-10) (E?U##14)SrfflV^T, _hlE^ 

[0029] (4) MfS^ay^ (x^bn^V— > 3 yft) 

^•^^M®W^«lMy^f>— /^cp2. OxlO'MJ^TflML/Co §4^PCRj»K 30 
M ^^4^1^50 n ltm&ls, 7fc±(dT5^W-r^3-^— hUfc 0 j^^40 /z 
laiU^hn^I/— ^— (BTX Electro Cell Mnipulaion 600 Genetronics Inc.) _L<£>|fflJ3S 
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iff*H/ffB^— K2. 5kV/®fcu ffH#^/^^^50^F, ft B# ffifeiR6 (186 

[0030] ( 5) ncKU70 fc£T^ ncKU80 cD 

S^a^cDf^ 1. 2%^^n— ^^^r-r6Vogels'ft/jNj#±filml^P^L, 30°C 
^^s<— bVfc 0 rcD^^200 n Y&s^Jfwstis-yB (500 ^ g/ml) 

(6) ^SM^tt 

UV^W^/M^^/^^^(MMS)}^-r^g:tt^oV^-C|!EflJO^:ife^ 
|EtSc<Z)^i^^oTtf o/c (Inoue*5imshii, 1984) 0 
[0031] 3. 

( 1 ) ncKU70 id «t t^ncKU80 CD flt^^g!^ 
tlh KU70 fej;r/ KU80 ^^i-^a— P^AK^>^-y^cD^P^^ottg)fe 



http://www-genome.wi.mit.edu/annotation/fungi/neurospora) i^^fL-X^^^^rfT 



ofc Q ^^^iX^Mi»{5^-^fjg^ ncKU70 feJ:r> ncKU80 ^^^1f^. ncKU7 
0feJ:T^ ncKU80 i#^^-^^^645feJ;t^661T^/ii^— Kj~-5 0 02^^ 
Ku70cDT5:/^IB^lJirncKu70(DT^/^IE^lJ(DJt^Sr^i" 0 thKu70incKu70 
fi23%(D^— +4 N 42%CD^fJ^'|4^r^UTV^fc: 0 03tU3, tbKu80tncKu80(D.br; 
$££r^-f 0 tbKu80tncKu80te23%(7)|^— 41%09^Mtt^UTV>fc o 
Orbach/Sachs=i^K^^y^-(Orbach, 1994) 7J^#/cG7H3;&^G8B12tt N # 
ncKU70 fe J:T^ ncKU80 ^^rA/-CV ^ c fot, ZLflh^^^.XY^'y'^'U—Yt 
LTfflV\ ncKU70 fc£T/ ncKU8Q cDPCRiMftg^To/'c. W^^it^^fe^^-^ 
-e|EfcL-7£j;5^> nckuit'fe^-^fe5pe"t-S2kbp(Z)5'*3«t'0«3 , 77^^DNASr 
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ncKUmfe^-fDfie^Hxg'mfK^-^UTV^Co ncKU70 : :Hx£ r ^^-f654y 
o-7 2 8$c&5 «fc t^ncku8 0 : : Hyg r £f£f#-f 5 54yo-8 28^£r# * ncku70 fe <t Xfnc 

[0032] (2)f4f, ncku70 . ncku80 . mei-3 . mus-1 l ^^jftfcfefrSmtt&fc^tei: 
t5ad-3Ait^^- CD * — y TV ^ 

(D^ttSr^'t - (The Neurospora Conpendium, Academic Press 2OOl&0f§,(D^lt:) 0 
mteORF^f-{3ad II 3^0RF^:/^hfM'^ 

tfT^ff^Z— Srfl} Hb^ho bari(lfH^-^-B^"i-52. 7kbDNA£rpBARG 
EM 7- 1 A ^ffflj PESf S c al *5 «t t^SmaI"e^0 19 tti Uh 0 
(2)-l 

F(D— MZ'S Astcmikbp&m^VfCo ^V^\ 2. 7kbp(Dbarif>f 

ALT, y^^KpGSl (9. 5kbp) £r^MUc 0 pGSlSrNotnfM'fbU *:<Dlfe%M 

^ilfebarif (s^tDMf ^K^mtrif . 8kbp5'^3j;t^l. 9kbp3' yyl^-y 

\^u?hvtfv~i/3>mK£<9mAVfc 0 ^^HMvV(200 m g/ml) fcjffiM4£ 
fcoifM^IlL, ^rtbktfSPFP (20 /i g/ml) ^ffiM4t?feS/5^9^^ftb 
fc„ bar-DNA^5mtritfe^-jM^|a^XL^^-CV^^\ PFP^xtLTfftt^-Tte 



WO 2005/083090 



13 



PCT/JP2004/012516 



[0033] [^2] 



F3f 



Bla-ft£fePFP- 



^^MiMg (%) 



l 

2 
3 



9 
22 
11 
16 

58 



11 



19 



nckulO 



1 
2 



fit*" 



41 
18 
59 



41 
18 
59 



100 



nckuSO 



1 
2 
3 
4 



12 
23 
12 
26 
73 



12 
23 
12 
26 
73 



100 



me 1-3 



1 
2 



58 
35 
93 



2 
1 
3 



3* 



mus-11 



1 
2 



45 
20 

65 



0 
0 
0 



[0034] (2) -2 
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[0035] [^3] 



_^ Bia-iiH^ Tv^^^te ffiWiM (%) 

gj/£jgj 86 44 51 

ncku70 46 4 6 100 

ncJtuSO 36 36 100 



[0036] 4. ?—^^>7'mtmm$m<DM£t(Dm& 

IW1^50, 100, 500, lOOObps^PCR-^ftsU bari» 
^©M^K^^$-^fc 0 ^^h^-^Wtt^K^m^^oV^T, PFP^*f 
LWtt^fo5^£9/^iS-<fc (^4) „ 50bp^oJ:^100bpft(DtB^lDNA^A$tL 
/c^^h^^lft^Klg^ft:^, ncku70, ncku8Q /^^T5^§f 4^#fcE;i:fel > 
TPFP»f££J^A/^£/j^o/c 0 500bp;g<£>*HI*l'l4<E>i§£\ IHfeM^&l/^T 
PFP»tt^L/c^^^b^^I#»«l5mf*^no%«^fe5(Z)^^L, nc 
kj^^J;l^nckjL^ft^^V^T«90%^_h^PFPlftt^L^c o 1000bpft(DtS 

^S20%7feffi-e^^)(D^»fL. ncku70 feJ:r^ ncku80fe ^feV^T^^T^PFPrlif^ 
£^Lfc 0 fot, tSl^35^^^<^1000bpftfetl^tI^]il^?r^^Bm 

[0037] [iH] 
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PFP-1M4 






50bp 


i 


22 


0 








2 


29 


1 








mm 


51 


1 


2 


ncku70 


50bp 


i 


30 


0 








2 


29 


1 








mm 


59 


1 


2 


nckuSO 


50bp 


i 


29 


0 








2 


30 


0 










59 


0 


0 




lOObp 


1 


20 


0 








2 


30 


1 








mm 


50 


1 


2 


ncJcu.70 


lOObp 


i 


8 


2 








2 


13 


0 








mm 
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[0038] TZi^Zk^ZkZ 

(http://www-genome.wi.mit.edu/ annotation/ftingi/ aspergillus/index.html) }C^fL-"C 
BLAST ^yH7— tf^SrffiV^T, P^/K^-^-y^(D KU70 i»>g^- 
^tSKtt»r*V^a— ^fi#3r$t3?Uh 0 Contig 1.132 \% T^^V^jV 

0%(DtS^Itt^L^ o A. nidulans FGCS A89 ft©y7ADNA^S}C^T©^7 
-fV— SrfflV^TPCR^j;^, KU70»'g^^:*^tp4045bp<D8ff>tSriSi|'lL-^ o 
KU70/For 5 ' GAGAACTGATCATGCGATGCGTGGC 3' (gfi^lj##17) 
KU70 /Rev 5 ' CATTCGCTTGATCGACATGGTTGGC 3' (IB?lJ#-^18) 
[0039] y/ADNA 1 (50ng) 

"7*7 4-^— Forward l(lOOpmol) 
"Zf^A-^— Reverse 1 (lOOpmol) 
10XgJ[£;ffl^y77- 5 

Ex Taq 1 

DDW(^g?7fc) 37 

It* 50 u 1 

-EfE^J^^SJ^^^MU TaKaRa PCR Thermal Cycler PERSONAL (Sffijg 
(#0 ) ^TPCRSJ&^rfTofcc SJS^#«, 96°C2^, 1^^;96°C 30#\ 58 
°C3O0\ 72°C7^\ 30iM^/I^Uh o PCR^Sil, T^fn— ^^/V«^^cSj^#t 
U g ^Df>t^/^^lE]i|Xb^ 0 rft^rpGEM-T Easy (Promega |±) 

i^TA^n— ^^fit-i^^'T"— >3^^TV\ pGEMku70 §r#Th 0 
[0040] 2. T^^/V=¥V^'^v ; j-^^(73 KU70 i»f5^-i^M- oliC31- 

pGEMku70^ttMtCl^T^^ o ^-^^-^fflV ^TQuikChange site-directed 
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mutagenesis (g MtL^M^B^^mAm J^HindIIIlMh^AUc 0 
SB (iHindlllf-^ h Sr^i" 0 

KU70 (Hindlll) /For 5 ' C AC ATTGTC C A AGCTTA CTGTGGCTAC C C 

3' (gE?iJ#-i§-19) 

KU70 (Hindlll) /Rev 5 ' GGGTAGCCACAG TAAGCTT GGACAATGTG 
3' (IE^IJ#^-20) 
[0041] pGEMku70 2 (20ng) 

rf'y^— Forward 2(200ng) 
y^v-Reverse 2 (200ng) 

lOXSJEi^^r- 5 
dNTPSg^fc 4 
Pfu Turbo 1 
DDW (HMj) 34 
ItS 50 u 1 

TaKaRa PCR Thermal Cycler PERSONAL £fflV^T, 95°C2^\ llM^/V; 95°C3 
0S\ 54°C30#\ 70°C155X 181r^/^Lfc 0 ^ktlfc^^^^KS: pGEM 
ku70(H)£U r <D*7*?*% K^Blnl^Hindlll-CM'fbL, T^^/l'^^^ayy 
^i^y^^^^»M{E^oliC31^BlnI^HindIIITMikb/cif^^Ab, 
pGEMku70: :oliC31^Lfc 0 ^CO^^K^ApalM^^ctoTff^^^Lfc^, 
A. nidulans FGSC A89 ^^Ph^^hPEGifeSr/BV ^Tsf ALfc 0 W%fcWfcV> 

wmx, ^-y^wvco n g/mi) ^tp^h^^bn— ^mm-^n^t-c 

^tzMWWskm^^ ^C, PCR^r^ifV^P-y^g^r^±'9 KU7Q i»fe^^@^ 

[0042] 3. T;*^/l^Vl^ • z=*j? a7^(D KU70 itfe^-lM -PtrA - 

pGEMku70^§|M^^T^^^— ^ffl V ^TQuikChange site-directed 

mutagenesis?£^J;mindIIIlMh^AL/c 0 TiBllFBteHindnilMhSr^^o 
KU70 (Hindlll) /For 5 ' C AC ATTGTC CAAGCTTACTGTGGCT AC CC 

3' (SE^IJ#^-21) 
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KU70 (Hindlll) /Rev 5 ' GGGT AG C C AC AGTAAG CTTGG AC AATGTG 
3' (IE^IJ#^22) 
[0043] pGEMku70 2(20ng) 
-f^si-^r— Forward 2(200ng) 
t/^^—Reverse 2(200ng) 

lOXHJCi^^y- 5 
dNTPig^B) 4 
Pfu Turbo 1 

DDW(^^Tk) 34 

W-M. 50 p. 1 

TaKaRa PCR Thermal Cycler PERSONAL ^rfflV^T, 95°C257\ HM^;95°C3 
0fj\ 54°C30#\ 70°C15^\ 18-*M^/^E/c 0 ^tL/c^^/^^K^ pGEM 
ku70(H)^L, ^(D^^K^Blnl^Hindlll^M'fb'E, T^^/l^Vl^-^yif 
t°y^T^^ft'l4afK^ptrA^BlnIiHindIII-cm^L.fcif^-^# At, pGEMku7 
0: :ptrA±Efh 0 ^(D^7^V&Sveim4kK£^XB.$KWteVfc^ A. nidulans 
FGSC A89W^7°ah^°^bPEG&^MV^-r^AL-7t 0 7^JCI^#W31tXW:, t°P 
^T5^ (lOOMg/ml) Sr^-tpCzapek-Doxj^ifi^To^o %htLfcMWfe$: 
frCol vr, PCRRt^iMf ^n^h^W^i^ku7^it^|g^^51^E7h 0 
[0044] 4. f^ScitfK^-cDfiM^W - kexB- 

Pf^Wfe5V^fiku70^^1*^?S^tLfcM{K^5M^^M-<§^S)7tl9, kex 
BMfc^fcW^^XvJim&Mfcf'o kexB i»^T-a^°Pir-y->^VP^T— if K 

£7M-r5r^#/^oTV ^ 0 If ^<tku7^5M*^kexB3te^«ffl^^ 
K^iAL, %hthtzMWfcWkW-1&¥(D<h\< W§ iJ^T'kexBit^M^^*^ 

kexB iH^S^Myil^ 

if^tt (FGSC A89)#^ 6/83 ^Kl5^#:(7. 2%) 
ku7Qit{S^KigttW^ 90/l00^Kl£^#;(90%) 
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^M5^#S^*V>3W^to ku70 



3 



[0045] T^bTK^vO* 
1. 



SW*^^ fiif©J;5^©^J;V^dS, AG(At4G18960) &TJ*LFY( 

At5g61850)^^5 o 7l£5MB&^— £bT, ^7^KCaMV35S-sGFP(S65T) 
-NOS3' ft^OGFPjt^^f SrMV^ 0 ^^K^fe, Hindlll^EcoRIXrGFPit^ 
^Sr-Kl^fflU ¥Y#^^LTpBluescript SK + (DEcoRV^{i^^A^5 (pSKG 
FP) Q 0JPg|#ipf^ 

^j2kb^GFPT^^^Ai"5o £5^bT#^fcpSKAG: : GFP /5^AG: :G 

5o 



[0046] K5] 



fiSig£ttT GenBank 



Atlgl6970 BH750130 

BZ378077 



SALK 037071 
SALK 106654 



BZ292117 SALK 123114 
BH750124 SALK 037064 



Atlg48050 BH814153 

BZ762137 



SALK 065823 
SALK 089730 



BH814138 SALK 065799 
BB254483 SALK 016627 



At5g57160 BH864398 

BH754746 



SALK 095962 
SALK 044027 



Nottingham 

N537071 K70-1 

N606654 K70-2 

N623114 K70-6 

N537064 K70-3 

N565823 K80-1 

N589730 K80-2 

N565799 K80-4 

N516627 K80-3 

N595962 L4-1 

N544027 L4-2 



[0047] 2. Ife?*^flf©ifg 
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(2) 10 0 t^ t 9^ ! 9K--»X|±-v'-r^n^^5/^^TDNA^S|-r 

[0048] 3. KU;&m.ig4#ig^<D&f # 
[0049] 4. sMi^^cDtfgizi^lflS^ 

(6) % /IsX&T&fo-ZMlb . (70mMKCL, 0. 3M^l — ;V, 5mM 2 

— morpholinoethanesulfonic acid, pH5. 8) KM^M'i'&o WkBZ&l. SxloVml 
KM^-i~Zo 800 /i ltr^M^LM^^h (4mm=¥>5/^ P ) tzAft% 0 BTX|± EC 
M 600^fflL, ^E— K:LV, ^i^^^: 125 /z F N ffifei:0 N v^jE:3 

Srf? 5o DNAil- J*cD^?U-10m g^ffl-TSc 

( 8 ) ?s ift An mi tut^?*- m \~m< „ 

[0050] 5. y p vh7'7Xh(Di / EMbJ&W$G$: 
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(2) 0. 5M^h— /«^^l^ffiSilLfc^,»^^(l%-fe/^-if Onozu 
ka RS, 0. R-10, 0. 5M-7^h-/V, SmMSft^/^^A, p 

H5. 5 )1?5-10I|KMU0. 5M^^h— /VTr30gfe#-f 6 0 

(3) 7»t££r2xl0 6 /mimfSSU 400 /z lSrS^C^TLM^a^yh (2mm^>^ 
)^Atb5 0 ^A^5DNA&5-10jKg/ml£ft5<fc5;&[l;t5o BTX|± ECM600?: 

: 106/J^K —/l^KSfiS : SSOV/cm, : 22-26 msecW^fr^tM 

§£?L£tT5o 

[0051] 6. 7F2fCfe^f£ofitig 

(3) «i*^5mmCbl H^SLfcfe2o t — ^fSH^MtifliWflB (RIM : B5 

[0052] 7. Tyv'*?TV&&&WMVttte'gtfe& 

(1) Ti-<^— pBI221H^$lJPW*^aL, 35S:A3^~^— :GUS«3gjfr|£^: 

NOS^^^- IfP^S^Ot) W-To 

(2) §J«9tiiL^:9S^^_hlEO^IfteifefflDNASr#Ab, ^^hn^V— ^ 3 yT?7 

y^-^wi-rSo 

(3) ^K^^fflDNA^#or^n^^yr>A^28°C-e— m&m^KM, MfflM 
MJ#ffii-OD600^o. 8^J&Si5!!BIS , f'So 
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(5) ?v^%:®im-tz>m^fe. nmmm^2-3ftm\^t~ y i£^mmmm (N6co@ 

[0053] 8. -^OftllCO^K^i^ll^ 

[0054] bhKU70iftf5^-^M^QV^-r 
1. thKU7Qjt^^-ff#©^# 

Ensembl-7 0 n>?^h (http://www.ensembl.org/) CDth^VAT 2 '— X i^tbK 
U70(G22Pl)3lf5^-(D±i;fiia^J*3iU ? ^y> / , ^hP^^cDff^ 
http://www.ensembl.org/Homo_sapiens/geneview?gene=ENSG00000100419j; i 9IX^# 

[0055] 2. ^«9MLSa^ijfiB(D#^: 

#ktL/c±ttIB^[J'[f #^rREPEATMASKER WEB SERVER ( 

http://ftp.genome.washington.edu/cgi-bin/RepeatMasker) {^itH 1 ^ /^OiSL-SS^JCO 
[0056] 3. fy^r^?^?— ffl:7°^-v— <DWtfe 

Ku70 P2 AscI 5 ' — GCTAT AGGCGCGCC TCTGCATTTAAGGAGAGA 
ATAGCTGTG— 3 ' (@B^J#-^23) 
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Ku70 P3 NotI 5 ' -AGAAC AGCGGCCGC AAGAGATCTCGATCACTG 
CTTATGATC— 3 ' (IB^IJ#-^24) 

Ku70 P4 NotI 5 ' — CTTTAG GCGGCCGC AATTCAAGATGAGTCATA 
AGAGGATC— 3 ' (ga^lJ#-^25) 

Ku70 P5 Sail 5 ' -CATGTCGAC ATTTC AAGACAGGTGAAGAGGTG 
ACAAG-3' (IB^IJ#-^-26) 

(2) ^n^r— u*m^<??— mm<vm& 

Ku70 P2 Sail 5 ' — GCTAT AGTCGAC TCTGCATTTAAGGAGAGAAT 
AG CTGTG— 3 ' (gE^lJ#-i§-27) 

Ku70 P3 NotI 5 ' — AGAAC AGGGGCCGC AAGAGATCTCGATCACTG 
CTTATGATC— 3 ' (IE^lJ#-^28) 

Ku70 P4 NotI 5 ' — CTTTAG G C GG C CG C AATTC AAG ATG AGTC AT A 
AGAGGATC— 3 ' (IE^lJ#-5§-29) 

Ku70 P5 Sail 5 ' — ATC G C AGG C G C G C C A G AC AGGTG AAG AGGTG A 
C AAG AT AC— 3 ' (gfi^lJ#^-30) 
[0057] 4. PCRffiia^^^n^^T-AOM 

fch;*CJ3§Sft5feHCT116 genomic DNA (500-ng/ n 1) 
KOD-Plus (Mf^WMffi^^ttWlCOf&Wi'&DNA Polymerase) 
PCRffllJ— -v/HM^*- (TaKaRa Thermal Cycler MP, Model No. T 
P-3000 SIMS^Ii) 
^fh^fKD^^^r— lOpmol^fJIfiL/cPrimer Mix (_hfE3£#3g) 

HCT116 ^V-^DNA (500ng/ u 1 ) 1 u 1 
lOxPCR buffer for KOD-Plus 5 u 1 
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2mM dNTPs 5 n 1 

25mM MgS04 2 u 1 

Primer mix (lOpmol^) 1. 5 1 

DMSO 2. 5/zl 

kod-pius-dnaaKi;^— t? 1 ^ 1 

MMzlS 32ul 

ItS 50 At 1 



SJ&3M*H3u 94°C2^\ 94°C15#;60°C30#;68°C5^^ 301M^ 

KJ^fh PCR0*&DNA irJf ^ff^U ^:^^(D7 0 ^-^-^#^LTfe6$lJ 

[0058] (2) ^ 0 UA-feW^^3^£-<^^— 

5 ' iRIJ/fr-^E-nv 5 — T — J*^y p 7^{ -v'—^j" (Ku70 P2 Ascl/Ku70 P3 Notl) (D 
PCR0^jDNAHlf>T"C(i^ AscI^NotI(DM^JPW#"eM{b^fofc 0 ^cDDNADf 

3'ftljAl^Pv^T— -Affi^-f^^^f (Ku70 P4 NotI/ Ku70 P5 Sail) <D 
PCR0^DNA$rJtt?tt, Sall^NotlOM^'JPS^^'Ct^'fbSr^To^ rcDDNABJf 
>t££Ku70 F3£Lfc 0 
(3) ^n^^-W^^-i|(Di^ 

^ffi^°7^^xt(Ku70 P2 Sail/ Ku70 P3 NotI) <D 
PCRjg#JDNABJf>T"m % SalItNotI(DM$lJPMl^"e?i^^To/t 0 ^cDDNAif 
Jn^£Ku70 F2B£Lfc 0 

SMSijAK^n-i/— T— JxFftZfy^*- M (Ku70 P4 NotI/ Ku70 P5 AscI) 

$T>f^£Ku70 F3B^L/c 0 

NAilrM-(DW^gK^(D->— ^^^oT KU70 i*feq^^pDNAKfr^fo^ 
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[0059] 5. ^^^'7f^y^^-77^-;K©ti 

v^WttJtte^ Ku70 F3(Dj[|I^^5J;5^DNAif>T-^#AUT^yAir^^3 
>-m^<??— £rfiffgL/c 0 y°"7^Y&% pPAS-Ku70 Puroi:Ufc 0 

(2) yn^E— w^sfe^*— ^^vmrn^m^- 

^>^1^hB£B:pMClDT-ApAii^Ku70 F2B N ^n^e— |U°!J 
A^^-7W^^-r^^I#4at{K^-, Ku70 F3B(^JlK^&3c£5^DNA$rJf£r 
jfALT^yAt^^ayffi^^^- ^ISIgLfCo 7°^^K^^pBDTA-Ku70 n 

[0060] 6. KUZOitfK^g^^B^cDjlS 

(1) ^yA-few^^3v?i^^— -ecDjftfH^-?^ 

±f55-e{^MbfcE,f^bpPAS-Ku70 Puro DNA^rHCTl 16|BJiSt^^hn 
^-W-v'3yfel'tlBJi(-iAUc 0 tg|II»mx.(-J;oTKU70jt^«^$ 

fcV^X^U PCR&^j;W^V^nyh^W{cij;t)-ofe5KinQS^^Mw5 

(2) ^n^-^-^^^^7^KT^lfe«I 

— ^fcte^J&Srfi&S^Sfc*^ lt:^bpBDTA-Ku70 neo£^lfti<Z> 

Mire^AU G418 (^^Si^300 # g/mi) ^n^^SAtgitreig^SrfTV^ 

[0061] 7. ^#3H5^-(D^^^J^-HPRT- 
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•^<5fcff) HPRT (hvpoxanthine guanine phosphoribosyl transferase) iftfe^-fiittlli:! 

tfi^f^n— V^^<feV^cOf[J^^HPRT3t^^^$tLTV^^^, PCRfe 

M5HCT116 : 6/120 (5 %) 
ku70|j£MBMfc: 30/120(25 %) 
r^o^^^^^V^^-e HPRT iW^^^^-f-^r^^-C^^r^^. ku70 

[0062] *^SK^«tt), i S ^^1fV^UfcDNA^BIfM^^I&(Dy/A(D#^<Z)fiS^iS5 

t^-e^s o ^ m^^m^cn&^mm&^^Knu mz.tz. cre/iox 
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en 



[2] 



[3] 



[4] 



[5] 



[6] 



[7] 



[8] 
[9] 



[10] 



ETF©(a)-(b) ; 



b-r^m^mi^mm^m 



tulE^ilH^ai^X.^^g^it^^-^^ /j^<^ KU7CX KU80 . LielV . DNA— 

il 1 7!; ^4cd v ^ fit > l il HifE^^fe, 

mmmm^mmm^^^b^mmbT^mMmiJb^5(D^^ti^im^mm 



Mi 



±tr« 



mU&WWfrK ^-n^7i, T^^/i^/w^M, ^—isVV&m, y-wvj*. 
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[12] W^17!?^10(DV^^^liI^fS«c»^fe^J;oT^#$tLfcM 0 
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[02] 
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